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Abstract 
Sedimentary phosphate occurs largely at Gafsa mining basin. Among these occurrences Jebel Alima (Redeyf region) is an open 
pit quarry. After extraction, raw phosphate requires several stages of treatments to become concentrated: crushing, grinding, 
scrubbing, sizing, attrition, de-sliming and flotation. The coarse reject, generated from the first step of ore processing, constitutes 
the main pollution source in the mining area around the washing plant. Since composition contains a host of environmentally 
hazardous chemical elements such as Cd, U, Pb…. The results of the chemical characterization also show that the raw sample can 
achieve P2O5 grade of 13.52%. After 170 scrubbing tests, with 4kg of solid waste for each test, the liberated fraction showed a 
content of 24.33% P2O5. After sieving, the fraction under 315 microns was recovered for flotation, whereas the fraction greater 
than 315 microns goes through grinding. 11 grinding tests were carried out taking into account the parameter variations 
(rotational speed, grinding time, solid concentration and load). The result of the optimum grinding is: Load: 7/1; speed: 60 tr / 
min; time: 5,5min; Cs: 45%. The liberated fraction content is 20.24%. Before the reverse flotation, the product from scrubber 
outlet (fraction <315 microns) and the ground fraction (> 315 microns) were mixed. The feed material has a content of 22.44% 
P2O5. The beneficiation of waste reject was carried out by reverse flotation in acid medium with amines and esters.  
The content reached 28.16% P2O5 with carbonation rate of 1.6. This content is very close to 29% (content of commercial 
phosphates). Therefore the coarse waste reject could be considered as potential reserves for the future. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of SYMPHOS 2015. 
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1. Introduction  
Tunisia is among the five first phosphoric producers in the world. The main mines are concentrated in Gafsa 
basin. Since the discovery at the first mine at Thelja Gorge by Philip Thomas at the end of 19th century, phosphate 
was underground mining without environmental impact. When exploitation becomes in open pit quarries, piles of 
mining wastes occupy vast urban and agricultural areas causing real damage to the environment.  
Phosphate washing plants produce large quantities of waste materials relatively high in P2O5 content, which are 
considered as environmentally harmful materials and a source of pollution of air, surface and groundwater and soil 
[1].  The generated coarse waste is low grade compared to mined phosphates and must be treated to get high-grade 
marketable concentrate. Many alternative ways and solutions were found to valorize this waste such as brick 
manufacture and aggregate production of for road and concrete [1], [2], [3]. However, reverse flotation was applied 
to recover phosphate from reject assaying 13.52%P2O5 in order to improve product and P2O5 grade. Several 
researchers indicate that adopted methods or required techniques for beneficiation of such ores are generally dictated 
by the nature of the gangue and P2O5 content [4], [5], [6], [7], [8]. In this study, the treated phosphate is formed with 
carbonate gangue. As result, direct flotation and thermal treatment are less attractive process to separate phosphates 
from carbonate gangues, due to their similar physicochemical properties [9], [10], [11]. Different flotation 
conditions for the concentration of low grade phosphate ores bearing carbonate-silicate-gangue are mentioned in the 
literature: Anazia and Hanna (1987) [12] float carbonate gangue from sedimentary apatite with fatty acid collector 
and with sulphuric acid as depressor for phosphate minerals in an acidic pulp at a pH of 3.5 to 4.5. Abdel-Khalek 
(2000) [7] Used two stage in reverse flotation: firstly, carbonate removed with oleic acid at pH 5.5 modulated with 
phosphoric acid. Secondly, silicates floated with amine at neutral pH. The anionic-cationic method was applied for 
low grade phosphate by Mohammadkhani et al. (2011) [13], the results indicated that is an effective method. The 
aim of the current study is to investigate the suitability of reverse flotation for upgrading flotation concentrate in a 
single-stage by the reverse flotation of carbonate and silicate minerals in acid medium. Laboratory experiments 
demonstrated that a phosphate concentrate containing about 29 % P2O5, with a recovery greater than 84%. 
2. Material and methods  
A head sample of 300 kg solid wastes was obtained from waste dumps of Redayef processing plants. Then, the 
head sample was crushed to pass 10 mm. In order to remove the clay as much as possible from the phosphate a series 
of scrubbing and wet screening washing operations were carried out. In the next step, the sample was ground to -
200µm, in cell of 10 liters, and the phosphate particles was released from the associated gangue minerals by wet 
attrition scrubbing at 40% solid/liquid ratio (Fig. 1). The size fraction of +40 µm was used as a flotation feed. 
Reverse flotation was carried out in this study and the reagents was supplied by Clariant® company: Anionic 
collector: flotinor and cationic collector: Ether diamine Flotigam 2835 ([R̢O̢ (CH2)3̢NH̢ (CH2)3̢
NH3]+CH3COOѸ with R = alkyl chain with and  carbon numbers of 12 (20%) and 13 (80%), respectively)[14]. 
The raw sample contained 13.5 % P2O5. XRD and mineralogical analysis showed that phosphate was present as 
carbonate -fluorapatite while the main gangue minerals, in decreasing order, were carbonates (calcite and dolomite), 
silicates (Heulandite) and free quartz (Fig. 2). The grananulo-chemical distribution shows an increase in P2O5 
content between 315 µm and 40 µm, 21.24 to 16.24 % respectively. Furthermore this fraction presents more than 
20% of total weight (Fig. 3).  
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Fig. 1. Proposed flowsheet for recovery of coarse waste phosphate  
 
 
 
 
Fig. 2. XRD pattern of waste coarse phosphate (raw sample) 
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Fig. 3. Granulochemical distribution of raw sample 
3. Results  
3.1. Scrubbing attrition 
Compared to raw material the scrubbed sample shows an increase in P2O5content, mainly between 40 µm and 315 
μm , and reached in respectively 15.61% and 26.13% with a high content in CaO (Fig. 4). 
Scrubbing attrition followed by size separation, based on wet sieving with AFNOR standard sieves, reduced the size 
of the particles and increased significantly the liberation of the fine particles coated coarse grains (Fig. 5). This pre-
treatment operation cleaned by abrading the particles with each other, rubbing away surface layers of clay minerals 
and leaded to make fine fractions with minor amount of P2O5. 
 
 
Fig. 4. Granulochemical distribution of scrubbed sample 
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Fig. 5. Grain size curves of malaxed and scrubbed samples 
3.2. Grinding  
A series of wet grinding experiments with a waste phosphate using a ball mill were carried out to investigate the 
effect of various grinding parameters such as material charged volume, filling degree at fixed mill rotation speed and 
solid charge (Table 1).The measurement of the ball charge volume load (or filling degree) is essential to maintain 
the absorbed power of the mill and consequently the mill production. 
 
Table 1. Experimental variables of grinding conditions 
 
The optimal ball size is 50mm, but different size is better than a single size. So we researched the best ball diameter 
ratio in the end. According to the size composition, we can determine the best ball diameter ratio. The calculated 
data of the ball diameter in the initial stage was shown in table 2. 
 
Table 2. Characteristic of grinding load 
Masse of ball (g) 
545 270 118 45 
The size of ball 
diameter (mm) 50 40 30 20 
Ball ratio(%) 7.14 55.55 8.91 28.40 
 
Experiments  Masse of grinding 
ball/ masse of 
phosphate (ratio) 
Masse of 
phosphate 
(Kg) 
Masse of steel balls 
(Kg) 
Water Volume 
(l) 
Rotation 
speed (tr/min) 
Solid 
concentration 
(%) 
1 3 /1 1.94 5.82 2.37 60 45 
2 4/1 1.81 8.79 2.22 60 45 
3 5/1 1.7 8.53 2.07 60 45 
4 6/1 1.61 9.66 1.96 60 45 
5 7/1 1.52 10.98 1.98 60 45 
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For the fraction +40µm used in feed flotation, the graph in figure 6,P2O5 content is the higher at test 4 and the mass 
recovery is recorded in the test 5. While the fraction +200µm keeps the same grade in different conditions with 
lower recovery in test 5. 
 
 
 
 Fig. 6. Effect of ball charge used for grinding fractions (+40µm (a) and +200µm (b)). 
 
 
 
 
Fig. 7. Mass yield of each granulometric fraction  
 
Figure 7 shows that in Test 5 the maximum recovery was reached unlike the coarse fraction (+200µm) 
The results in Tables 3 and 4 depict the conclusions obtained from milled phosphate the optimal parameters of this 
operation are: 
- Grinding time: 5.5min 
- Rotation speed: 60tr / min 
- Solid Concentration (Cs): 45% 
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Table 3. Variation of grinding time 
 
Experiment  
Mill speed 
(tr/min) 
Grinding time 
(min)  
Charge 
ratio  
Solid 
concentration 
(%)  
Recovery Grade (P2O5)% 
+200 +40 -40 +200 +40 -40 
1 60 4.5 5/1 45 59.78 22.44 17.77 8.74 20.38 7.27 
2 60 5.5 5/1 45 69.07 17.13 13.79 10.17 19 5.64 
3 60 6.5 5/1 45 55.91 24.57 19.51 8.72  20.44 7.83 
 
 
Table 4. Variation of mass recovery for each fraction 
 
Experiment  
Mill speed 
(tr/min) 
Grinding time 
(min)  
Charge 
ratio  
Solid 
concentration 
(%)  
Recovery  Grade (P2O5)%  
+200 +40  -40 +200 +40 -40 
1 60 5.5 7/1 40 56.49 22.88 20.63 9.74 7.78 8.63 
2 60 5.5 7/1 45 53.73 25.92 20.35 19.11 20.24 18.66 
3 60 5.5 7/1 50 47.47 27.62 24.91 6  6.22 5.76 
 
 
 
The chemical and mineralogical results are illustrated respectively in table 5 and figure 8. 
Table 5.Chemical analysis of coarse waste phosphate before and after grinding 
 P2O5(%) CaO(%) SiO2(%) MgO(%) Cd (ppm) 
Scrubbed 
sample 
24 .33 44.78 6.98 0.94 31 
raw sample 20.24 43.74 8.45 1.22 30 
 
 
After grinding, the content of P2O5 concentrate was increased by 32 percent more raw sample. The enhance of the 
yield and the recovery of the P2O5 concentrate depend largely on the enhance of the grinding product size 
composition characteristic and the improvement of the mineral liberation degree [15].The decrease of P2O5 
comparing to scrubbed sample is due to elimination of -40µm fraction during  the sieving operation before grinding. 
3.3. Flotation tests 
In order to optimize flotation conditions, seven reverse anionic-cationic flotation method were performed (Table 6) 
and the experimental results are given in Table7. 
From Table 7, it can be seen that the chemical composition of the phosphate concentrate obtained in all tests was 
much closed. Compared to the raw material, the mass recovery of the phosphate concentrate varied from 26.23 and 
28.16%. . The Beneficiation Index (the ratio of phosphate content in the concentrate compared to the original 
samples) reached 2 that could be considerable values in sedimentary phosphate processing. 
The quality of phosphate concentrate is very close to commercial product. The results obtained for mass recovery 
show that the third experiment given that the distribution of P2O5 and CaO in concentrate and tailing is the reverse 
of their separation through flotation. The best results are achieved, while P2O5 is mostly found in the tailing (at 
around 10%) with concentrations above 7%. Mineralogically, the floated phosphate presents a material without 
dolomite with a great peak of fluorapatite. However, carbonates show comportment inversely proportional to 
phosphate minerals: significant decrease of peaks belonging to carbonates (Fig.8). 
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Table 6. Dosage of reagents in different essays of reverse flotation 
Experiment 
number 
Type and amount of reagent (ml) 
Ester  Amine Acid  
1 
140   
100  
100  
150 
100 
100 
 
 
2 
150   
100  
80  
150 
150 
120 
 
3 
150   
100  
100  
100 
150 
150 
150 
 
 
 
7 
4 
150   
100 
100  
200 
150 
150 
150 
 
 
 
10 
5 
150  
100 
100 
300 
150 
150 
150 
 
 
 
10 
6 
150  
100 
100+270 
150 
150 
150 
150 
 
 
10 
10 
7 
150   
100  
100  
250 
150 
150 
150 
 
 
 
10 
 
Table7. Recovery and chemical composition of phosphate and tailing  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Experiment 
number 
Product 
Masse recovery 
(%) 
Chemical composition 
P2O5 (%) CaO (%) 
1 
Tailing 14.38 11.80 41.72 
Concentrate 85.62 26.77 46.23 
 2 
Tailing 11.40 11.77 40.57 
Concentrate 88.60 26.62 46.40 
3 
Tailing 1 10.25 7.77 37.46 
Tailing  2 0.09 10.4 39.2 
Concentrate 89.66 26.23 46.19 
 4 
Tailing 1 16.12 12.34 41.02 
Tailing  2 0.21 6.56 47.46 
Concentrate 83.65 27.26 47.46 
5 
Tailing 1 16.19 13.63 41.78 
Tailing  2 0.86 4.63 49.23 
Concentrate 82.93 27.74 46.70 
6 
Tailing 1 14.92 11.72 41.20 
Tailing  2 1.13 5.61 47.95 
Concentrate 83.90 28.16 46.94 
7 
Tailing 1 13.13 12.49 41.77 
Tailing  2 1.07 8.12 47.65 
Concentrate 85.77 27.51 47.65 
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Fig.8. X-ray diffraction patterns at different treatment steps. 1: Calcite; 2: Fluor-Apatite; 3: Carbonate Fluor-apatite; 4: Dolomite 
 
Conclusion 
Tunisia's phosphate mining regenerates masses of waste that causes deep harm to the environment. 
These tailings show particle sizes ranging from thinner (<to 80 µm) to the coarser (> to 315μm). If the finer focus 
primarily clays, coarser consist of low-grade phosphates. These can be readily enriched by the most 
appropriate mineral processing methods. 
This work tried to valorize the coarser waste to make them suitable for commercialization. Several physico-chemical 
steps from crushing, grinding, scrubbing, classification, attrition, de-sliming and flotation have achieved the 
merchant P2O5phosphate whose content is about  29%. 
The studied material is composed predominantly of carbonate and fluorapatite. To concentrate phosphate, reverse 
cationic flotation of carbonates at acid pH was applied after grinding. Comparing the laboratory results on the 
application of collector Flotigam DAT and Flotinor V2711 in the flotation concentration of phosphate can conclude 
the following: 
- A flotation circuit of single stage is sufficient for upgrading waste coarse phosphates after grinding. 
- For flotation of phosphate better recoveries were obtained with the application of the amine collector with 
ester in acidic medium. Furthermore, the quality and mass recovery of phosphate was satisfactory 
regardless combination reagent used. 
- Esters were found very selective and efficient  in the flotation of carbonates at acidic pH when sulfuric acid 
was used as phosphate depressant 
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